Background: In the general population, low IGF1 has been associated with higher prevalence of cardiovascular disease and mortality. Objective: To investigate the relationships between IGF1 levels, blood pressure (BP), and glucose tolerance (GT). Subjects: Four-hundred and four subjects (200 men aged 18-80 years). Exclusion criteria: personal history of pituitary or cardiovascular diseases; previous or current treatments with drugs interfering with BP, GT, or lipids, corticosteroids (O2 weeks), estrogens, or testosterone (O12 weeks); smoking of O15 cigarettes/day and alcohol abuse (O3 glasses of wine/day). Results: Two hundred and ninety-six had normal BP (73.3%), 86 had mild (21.3%), and 22 had severe (5.4%) hypertension; 322 had normal GT (NGT (79.7%)), 53 had impaired glucose tolerance (IGT (13.1%)), 29 had diabetes mellitus (7.2%). Normotensive subjects had significantly higher IGF1 levels (0.11G0.94 SDS) than those with mild (K0.62G1.16 SDS, P!0.0001) or severe (K1.01G1.07 SDS, P!0.0001) hypertension. IGF1 SDS (tZK3.41, PZ0.001) independently predicted systolic and diastolic BP (tZK2.77, PZ0.006) values. NGT subjects had significantly higher IGF1 levels (0.13G 0.90 SDS) than those with IGT (K0.86G1.14 SDS, P!0.0001) or diabetes mellitus (K1.31G1.13 SDS, P!0.0001). IGF1 SDS independently predicted fasting glucose (tZK3.49, PZ0.0005) and homeostatic model assessment (HOMA)-R (tZK2.15, PZ0.033) but not insulin (tZK1.92, PZ0.055) and HOMA-b (tZK0.19, PZ0.85). Conclusion: IGF1 levels in the low normal range are associated with hypertension and diabetes in subjects without pituitary and cardiovascular diseases.
Introduction
Growth hormone (GH) is principally involved in the regulation of somatic growth, and exerts its effects either directly or indirectly, by stimulating the production of insulin-like growth factor-1 (IGF1) that mediates GH action on peripheral tissues (1, 2) . IGF1 levels are strongly determined by changes in GH secretion; they are low in patients with GH deficiency (GHD) and high in those with acromegaly (1, 2) . Age and sex also affect serum IGF1 concentrations; at the age of 65 years, daily spontaneous GH secretion is reduced by 50-70% and consequently IGF1 levels decline progressively (3) , while male gender is associated with higher IGF1 levels than females (4) .
Besides, GH and IGF1 are anabolic hormones, so that malnutrition and other catabolic states, such as severe trauma and sepsis, reduce serum IGF1 concentration. Patients with insulin-dependent diabetes have some hepatic resistance to GH, with elevated serum GH levels and reduced IGF1 levels (5) . Moreover, subtle changes in IGF1 levels in the general population are associated with changes in blood pressure (BP) and insulin sensitivity: IGF1 levels in the upper normal range are associated with reduced BP (6) and vascular tone (7), increased insulin sensitivity (8, 9) , and reduced prevalence of diabetes mellitus (10) . Epidemiological studies have suggested that IGF1 levels in the lower normal range are associated with an increased risk of ischemic heart disease (11) (12) (13) and stroke (14) (15) (16) (17) . In this setting, a protective role in the development of atherosclerosis was suggested for free IGF1 levels (17). We also reported the existence of tight relationships between IGF1, IGF binding protein 3 (IGFBP3), and a surrogate marker of atherosclerosis such as the measurement of intima-media thickness (IMT) of common carotid arteries in a group of 174 healthy individuals (18) . We found that IGF1 levels were the best predictors of total cholesterol levels and total/high density lipoprotein (HDL) cholesterol ratio; additionally, mean IMT was best predicted by subjects' age (as expected), but IGF1 and IGFBP3 were its second best predictors (18) .
This cross-sectional study was designed to give insights into the relationships between IGF1 levels, BP levels, glucose tolerance (GT), and dyslipidemia in a sample of the general population used as control group. In none of the previous studies investigating the relationship between IGF1 levels and diabetes or hypertension, these two diseases were evaluated in the same cohort, despite the fact that they often are present in the same subjects.
Patients and methods

Study design
This is a cross-sectional study in a cohort of subjects initially selected as controls of patients with pituitary tumors in several studies. It presents data included in a study protocol dedicated to the effects of GH replacement on the cardiovascular system in patients with GHD compared with controls that was approved by the Ethical Committee of the 'Federico II' University of Naples (no. 63/97). The current study show data related to the controls, thus prospectively collected but with a different aim.
Exclusion criteria
Exclusion criteria were: 1) personal history of cardiovascular diseases or pituitary diseases as reported in interviews with individual subjects; 2) previous or current treatments with drugs known to interfere with glucose or lipid metabolism or to influence BP; 3) previous treatment with corticosteroids for longer than 2 weeks; 4) previous or current treatment with estrogens or testosterone for longer than 12 weeks; and 5) smoking of more than 15 cigarettes/day and alcohol abuse (more than three glasses of wine/day). Subjects with type 1 diabetes mellitus have been also excluded. Smoking was stratified into the following: 1) non-smokers, 2) ex-smokers, and 3) mild smokers (up to 15 cigarettes/day). Subjects with chronic severe liver and renal dysfunction were also excluded.
Subjects
Four-hundred and four subjects (204 women, 200 men aged 18-80 years), among the clerks, medical, and paramedical personnel of the Department of Molecular and Clinical Endocrinology and Oncology of the University 'Federico II' of Naples, and their relatives, as well as patients' relatives, agreed to participate in this study. All subjects gave their informed consent to the study. The clinical profile of the subjects is shown in Table 1 .
Measurements
After an overnight fasting and 3 days of low-fat food intake (!30%; 7% saturated fat), in all subjects we measured the following. Table 2 . In 16 subjects found to have IGF1 levels below 2 S.D. from the mean, IGF1 levels were assayed again within 1 month from first assay and a diagnosis of pituitary diseases was searched by sellar magnetic resonance imaging. Six subjects were diagnosed with pituitary diseases and their IGF1 results were excluded from the calculation of normal IGF1 distribution. 2. Arterial BP was measured at the right arm, with the subjects in relaxed sitting position. The average of six measurements (three taken by each of two examiners in the same day between 0800 and 0900 h) with a mercury sphygmomanometer was used for analysis. The fourth Korotkoff phase was considered as diastolic BP (DBP). The arterial pulse pressure was calculated as the difference between the systolic BP (SBP) and DBP. According to the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP (19) , severity of hypertension was classified as mild (stage 1) when SBP and DBP were between 140 and 159 mmHg and between 90 and 99 mmHg respectively; severe (stage 2) when SBP and DBP were R160 and R100 mmHg respectively; target BP levels to define adequate control were SBP !140 and DBP !90 mmHg. 3. Measurement of glucose and insulin levels at fasting.
Diabetes mellitus was diagnosed when fasting glucose was above 7 mmol/l (125 mg/dl) at two consecutive measurements (20) . Impaired fasting glucose (IFG) was diagnosed when glucose level was between 5.6 and 6.9 mmol/l at fasting (20) . Normal glucose level was considered to be below 5.6 mmol/l at fasting. To predict insulin resistance (homeostatic model assessment (HOMA)-R (%)) and b-cell function (HOMA-b (%)) the HOMA was used according to Matthews et al. (21) . By assuming that normal weight healthy subjects aged !35 years have a HOMA-b of 100% and a HOMA-R of 1, the values for individual subjects can be assessed from the insulin and glucose concentrations by the formulae: HOMA-RZ(insulin (mU/l)!fasting glucose (mmol/l))/22.5;
The conversion factors (mg/dl to mmol/l) for glucose was 0.05551. 4. Cholesterol and triglyceride levels were measured by standard methods. Hypertriglyceridemia was diagnosed when triglyceride levels were O150 mg/dl (1.7 mmol/l) (22) while hypercholesterolemia was diagnosed when total cholesterol levels were O200 mg/dl (5.2 mmol/l) (23) . The conversion factors (mg/dl to mmol/l) for lipids were respectively, cholesterol 0.02586 and triglycerides 0.01129. According to data distribution, the comparison among different groups was made by the ANOVA or the Kruskal-Wallis, while that between two groups was made by Student's t-test or the Mann-Whitney test respectively. The post hoc analysis was performed by the Newman-Keuls or the Dunns test for each pair of columns respectively. A two-tailed P value less than 0.05 was considered as statistically significant. When more than three groups were compared, Bonferroni's correction was applied. In this case, a two-tailed P value less than 0.01 was considered as statistically significant. To evaluate whether IGF1 SDS was correlated with SBP and DBP values, fasting total cholesterol, triglycerides, 
Statistical analysis
Serum IGF1 levels and GT
Of the 404 subjects, 322 had normal GT (NGT) (79.7%), 53 had IFG (13.1%), while 29 had diabetes mellitus (7.2%). The prevalence of glucose abnormalities was similar in women and men ( Table 1 ). The subjects with NGT had significantly higher IGF1 levels (0.13G0.90 SDS) than those with IFG (K0.86G1.14 SDS, P!0.0001) or diabetes mellitus (K1.31G1.13 SDS, P!0.0001); these latter were similar to each other. Individual results are shown in Fig. 2 Fig. 3 are shown the individual data of HOMA-R according to IGF1 SDS in the subset of subjects with NGT.
Serum IGF1 levels and hypercholesterolemia or hypertriglyceridemia
Of the 404 subjects, 79 had hypercholesterolemia (19.6%) and 42 had hypertriglyceridemia (10.4%). The prevalence of lipid abnormalities was similar in women and men (Table 1 ). The subjects with normal total
Normal glucose tolerance Impaired glucose tolerance Diabetes mellitus P<0.0001 * zSDS IGF1 levels Figure 1 Individual values of IGF1 levels expressed as SDS as related to blood pressure categories. According to the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (19) , severity of hypertension was classified as mild (stage 1) when SBP or DBP were between 140 and 159 mmHg and between 90 and 99 mmHg respectively; severe (stage 2) when SBP or DBP were R160 and R100 mmHg respectively; target blood pressure levels to define adequate control were SBP !140 and DBP !90 mmHg. *P!0.001 versus subjects with mild hypertension and severe hypertension.
cholesterol (0.09G0.94 SDS) or triglyceride (0.02G 0.97 SDS) levels had significantly higher IGF1 levels than those with hypercholesterolemia (K0.88G1.16 SDS, P!0.0001) or hypertriglyceridemia (K1.13G 1.18 SDS, P!0.0001); these latter were similar to each other. IGF1 SDS was significantly correlated with total cholesterol (rZK0.32, P!0.0001) and triglyceride (rZK0.34, P!0.0001) levels. IGF1 SDS did not independently predict total cholesterol (tZK1.41, PZ0.17) nor triglyceride (tZK1.80, PZ0.073) levels.
Prevalence of hypertension and diabetes according to zSDS of IGF1
The subjects were grouped according to zSDS of IGF1!K1.0, K1.0K1.0, or O1.0 (Table 3 ). The prevalence of mild or severe hypertension, impaired glucose fasting, and diabetes was significantly higher in the subjects with a zSDS IGF1!K1.0 than in the other two groups. By the ROC curve, a zSDS IGF1 K0.86 cutoff point predicted severe hypertension and diabetes mellitus (Table 4) . P<0.0001 * zSDS IGF1 levels Figure 2 Individual values of IGF1 levels expressed as SDS as related to glucose tolerance categories. Diabetes mellitus was diagnosed when fasting glucose was above 7 mmol/l (125 mg/dl) at two consecutive measurements; impaired fasting glucose (IFG) was diagnosed when glucose levels were between 5.6 and 6.9 mmol/l at fasting; normal glucose level was considered when below 5.6 mmol/l at fasting (20) . *P!0.001 versus subjects with impaired glucose tolerance and diabetes mellitus. HOMA-R Figure 3 Individual values of HOMA-R in patients with normal glucose tolerance according to categories of IGF1 levels expressed as SDS. Normal glucose level was considered when below 5.6 mmol/l at fasting (20) .
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Discussion
This study indicates that lower IGF1 levels, agenormalized as zSDS, are associated with increased prevalence of severe hypertension and diabetes mellitus in a population of control subjects without pituitary or cardiovascular diseases used to represent the generalpopulation. These results extend and support previous reports suggesting that low circulating IGF1 are associated with an increased cardiovascular risk, in particular to develop ischemic heart disease (11-13), stroke (14) (15) (16) , and atherosclerosis (17, 18). Cardiovascular disease is the leading cause of death in developed and developing countries. Despite some biologically plausible mechanisms, relatively few epidemiologic studies have so far focused on potential relationships between circulating IGF1 levels and cardiovascular risk factors or cardiovascular disease. The regulation of circulating levels of IGF1 is complex as it is modified by binding proteins that in turn are under influence and control of GH and nutritional factors. IGF1 and IGFBP1, -2, and -3 are considered components of two axes: the GH/IGF1 axis, including IGF1 and IGFBP3, and the obesity-insulin resistance axis, including IGFBP1 and -2. IGFBP1 and -2 are inversely correlated with insulin and BMI, and are expectedly to be negatively associated with components of insulin resistance syndrome, namely, hypertension, diabetes, and dyslipidemia (24, 25) . Conversely, the role of IGF1 is less clear.
IGF1 levels and hypertension
In vitro and in vivo experiments showed that IGF1 has vasodilator properties (26) . Part of the vasodilator effect of IGF1 is mediated through stimulation of nitric oxide (NO) synthesis by endothelial and vascular smooth muscle cells (SMCs) (26, 27) . NO can blunt the effect of vasoconstrictors (e.g., norepinephrine) and mediate the relaxation induced by some vasodilators (acetylcholine and bradykinin). Despite its vasodilation properties, IGF1 seems to be also involved directly in the pathogenesis of hypertension, through its inotropic and growth effects on the heart and endothelium (28) and its ability to stimulate vascular SMCs migration and proliferation (29) . These mechanisms appear to have, however, opposite effects on the risk of developing hypertension. Moreover, investigators of two studies with middle-aged participants suggested that BP affects IGF1 levels (30, 31) . Acromegalic subjects are at increased risk of hypertension, and IGF1 mediates some of the effects of elevated GH levels that may be related to increased BP, such as increased left ventricular mass, stroke volume, cardiac output, and diastolic peak velocity (32) . It is clinically relevant to understand the relationships between IGF1 levels and hypertension since arterial hypertension is a major risk factor of stroke and myocardial infarction. Hunt et al. (33) studied 715 men and women aged 30-62 years, who participated in the Västerbotten Intervention Project cohort. They found that IGF1 quartile was associated inversely with 2-h glucose and DBP levels. There was a stepwise inverse-graded association between increasing IGF1 quartile and hypertension, with an odds ratio of 0.51 (95% confidence interval, 0.29-0.90) for hypertension comparing the fourth IGF1 quartile with the first so concluding that IGF1 level may be related inversely to prevalent hypertension (33) . The authors also acknowledged that part of the inverse association of IGF1 levels with hypertension they found (33) could reflect the hyperinsulinemic profile of subjects with hypertension (higher insulin and lower IGFBP1 and -2 levels). The relationships with insulin levels and metabolic profile are relevant and have been still poorly understood, but in our multiple regression model IGF1 SDS have found to be independently predictive of hypertension so that insulin secretion does not have a prominent role. Besides, the existence of an inverse relationship between IGF1 levels and BP was also demonstrated by Capoluongo et al. (34) Data are expressed as sensitivity, specificity, and positive (PPV) and negative (NPV) predictive values. The 95% coefficient limits are given in parentheses.
in patients
with type 1 diabetes mellitus; they found a decrease in free IGF1 and IGFBP3 levels, along with increases in BP, and reported that these alterations significantly influenced the presence of diabetic complications. Furthermore, in vitro studies demonstrates that glucose concentrations play a key role in the responsiveness of small muscle cells to IGF1, and that hyperglycemia enhances cell migration and proliferation in response to IGF1 (35) . These data could explain the apparent opposite effect of IGF1 at the vascular level.
In our series, we confirm that subjects with hypertension had lower IGF1 levels than those with normal BP. The lowest IGF1 concentrations occurred in subjects with more severe hypertension. Our data are, thus, in line with the hypothesis that low IGF1 levels could play a role in the development of hypertension even if a concurrence of insulin resistance could not be ruled out. In fact, the subjects with IGF1 SDS below K1 had increased prevalence of hypertension and also of impaired GT and diabetes, preventing a differentiation among these conditions.
IGF1 levels and GT
In humans, IGF1 has approximately one-thirteenth the potency of insulin (on a molar basis) for lowering glucose concentrations. The effects of IGF1 are complex when administered to intact animals, as they potentially involve direct stimulation of glucose transport in IGF1 sensitive tissues, an effect that is mediated by binding to either the IGF1 or the IGF1/insulin hybrid receptor and enhancement of insulin actions through suppression of GH secretion, which reduces the anti-insulin-like effect of GH in the liver (36) . Previous cross-sectional reports of the association between circulating concentrations of IGF1 and GT have been contradictory (37, 38) but interpretation of these data is difficult because of potential confounding from secondary effects. Early type 2 diabetes and impaired GT are usually characterized by insulin resistance and hyperinsulinemia; insulin suppresses production of IGFBP1 and increases sensitivity of the GH receptor and expression of GH in the liver (1, 37, 39) . Since GH is the main positive regulator of the production of IGF1 in the liver (1), raised concentrations of insulin might increase either circulating concentrations of free IGF1 or GH-stimulated synthesis of IGF1 in the liver. Epidemiologic studies suggest that IGF1 contributes to glucose homeostasis in normal subjects. A polymorphism in the promoter of the IGF1 gene was demonstrated in 12% of Dutch Caucasians resulting in reduced IGF1 secretion (40); these subjects have 40% lower IGF1 levels than those without the polymorphism, are w2.1 cm shorter and have a 2.2-fold increase in the prevalence of type 2 diabetes after 60 years of age (41) . This suggests that these individuals have impaired insulin sensitivity. In addition to the increased prevalence of type 2 diabetes, they also have a 3.4-fold increase in the prevalence of myocardial infarction after 60 years of age.
Similarly, Sandhu et al. (10) reported an association between development of impaired GT or type 2 diabetes and IGF1 levels. The odds ratio for risk of impaired GT or type 2 diabetes for participants with IGF1 concentrations above the median (R152 mg/l) compared with those with concentrations below the median (!152 mg/l) which was 0.50 (0.26-0.95) (10) . Our study has no epidemiological value as our cohort cannot be entirely representative of the general population as constituted by subjects coming from a selected group of individuals, but data confirm previous observations; in fact, subjects with NGT had higher IGF1 SDS than those with impaired GT. As expected on the basis of the reported GH resistance in patients with diabetes mellitus (36), these latter had the lowest IGF1 SDS in our series.
A number of issues, however, remain uncertain. For instance, circulating IGF1 interacts with both insulin and GH secretion, and the role of free versus bound IGF1 needs clarification. It is still a distinct possibility that one mechanism whereby IGF1 may decrease cardiovascular risk is by increasing insulin sensitivity. In addition, recent evidence indicates that the effects of GH (and thereby of IGF1) may be U-shaped as, for instance, indicated by the fact that not only low levels induce insulin resistance and cardiovascular disease as seen in GHD and obesity, but also high levels as seen in acromegaly.
Serum IGF1 levels and hypercholesterolemia or hypertriglyceridemia
In normoglycemic subjects, Sandhu et al. (10) did not find any difference in cholesterol and triglycerides levels according to tertiles of IGF1 levels. However, according to the previously reported data on GT, it is likely that cholesterol and triglycerides follow closely glucose levels. On the other hand, data collected in patients with hypopituitarism and severe GHD clearly demonstrate dyslipidemia, which is considered one of the most important link with mortality for cardiovascular disease reported in these patients subset (42) (43) (44) . In this study we confirmed that IGF SDS levels did not independently predict lipid levels that, more likely, are only in agreement with GT results. In a previous study we did not find any difference between total cholesterol and triglyceride levels in patients classified as partial GHD after GH-releasing hormone plus arginine test, and the patients with partial GHD had levels of IGF1 in the normal range but significantly lower than controls (45) . Thus, the current data suggest that circulating IGF1 levels are also associated with cholesterol and triglycerides levels, but this relationship is likely mediated by the GT.
More recently, higher IGF1 levels as well as vitamin D levels were found to be associated with lower prevalence of metabolic syndrome (46) . Additionally, GH and IGF1 levels were found differently associated with metabolic syndrome in women and men, but both in men and women IGF1 were correlated positively with lipids and negatively with obesity/GT (47) . In this latter study, data are partially in disagreement with our data on lipid levels and BP levels but the cohort of subjects studied is different (47) .
Conclusion
In a large population of control subjects without pituitary and cardiovascular diseases at study entry, IGF1 levels in the lower normal range were correlated with hypertension, reduced GT, and diabetes. Though this study has no epidemiological relevance as the study population is not fully the representative of the general population, it suggests a role of IGF1 levels in determining indirect cardiovascular risk conditions such as hypertension and diabetes.
